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Robotics

u Ind UStry 40 From Industrie 1.0 to Industrie 4.0
Robots | [, |,

Artificial intelligence

Internet of things

Diffuse signals

Sensor fusion

Simplification in the use of robots

i

< <K <K<K

Human-Robot Cooperatio

U Human-robot cooperation
V ISO 2011
V Robots can assist humans
V Robot learning by
demonstration
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Robotics: type of robots (based on controls)

Robots

Teleoperated Semi-autonomous Autonomous

m Pre-programmed Self Iearnmg




Robotics: type of robots (based on application)

V  Hobbies, competition and entertainment

C  Suitable for high school teaching
V  Industrial

C Repetitive tasks
V  Medical

C  Surgery/Rehabilitation

Domestic or household

Military
Service and space robot
C Research

C Intelligent
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Artificial Intelligence

U Intelligence exhibited by machines
V Localization
V Knowledge
V Learning
V Planning

V Decision making

V Perception/Sensing

V Safety

("WB ‘ @C M. Di Castro, Real-time Monitoring Systems for Augmented Reality and Robotics in Particle Accelerators 6
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Perception sensing
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Robots made in Hollywood

IRobot, Chicago 2035
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Robots made by Boston Dynamics

A mystery for the robotic community
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Robots Iin reality (R&D)

DARPA Robotics Challenge [5]

9:08:51 05/06/2015 UTC
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Robots in reality (field robotics)

V Inspection robots V Telemanipulators
V Snake robots V Nuclear decommissioning
V Oil and gas industries to
Inspect pipes and tanks

OCRobotics

CE/RW
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i

Robots in reality (field robotics)

The only reliable robotic solutions exist in industry for repetitive tasks

Plenty of ideas and prototypes coming from university, but none of them work reliably for
harsh and unstructured environments

V At Fukushima, no robot has been capable of safely inspecting the zone and returning
to the base [6]

CE/RW
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Robotics

U Ethical aspects [3] [4]
V  Will robots replace humans?
V  Will robots take our jobs?
V  Will robots make humans unnecessary?
V Is humanity just a phase in a robotic evolution?
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Robotics

U Thereis alot of potential in this technology to be beneficial for people
u Ultimately, everything depends on how we decide to use the technology

Robots must improve the quality of work by taking over dangerous, tedious
and dirty jobs that are not possible or safe for humans to perform

ﬁE/RDI @ M. Di Castro, Real-time Monitoring Systems for Augmented Reality and Robotics in Particle Accelerators 14
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Robotics mandate at CERN

i The nmi s s trabatics atdCERNtmay be resumed in
the following:

Ensuring safety of Personnel
Improving availabilityof CERNOs accel et

RADIATION

AUTHORISED
HAZARD PERSONNEL ONLY]|
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Needs for tele-robotics at CERN

Inspection, operation and maintenance of radioactive objects
V Most of them are obsolete, without proper documentation and drawings, any intervention
may lead to surprises
V Risk of contamination
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Challenges for robotic solutions @ CERN

U Radiation, magnetic disturbances, delicate equipment not
designed for robots, big distances, communication etc.
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Challenges for robotic solutions @ CERN

i Design of new equipment has however to keep in mind our
goals:

V Safety of Personnel
V  Maximize availability

i We cannot risk that a robot stops in the middle of the

accelerator, or provokes an accident heavier than the problem it
IS trying to solve

t Risk analysis and recovery scenarios in the implementation of
robotic solutions comes before any decision for the intervention
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CERNTAURO framework

U In house robotic control system [7]
U No use of ROS [8]

U Operate all SMM robots

U Sensor acquisition, fusion, measurements etc.

Robots Sensors

A Al P

¥ User \&
friendly

v Haptics 5 L

feedbacks | b

Human-Machine
Interface

Environmental
Mapping

Virtual
Simulation

Human Robot Interface

¥ Multi-clients -—

¥ Control raom
¥ Possible

Multimodal
Modular

‘ __ inputs
AW oa. N ¥ Real time Same interface for
different robots
Master | - Central Operating Performance FETe———
i ! i etwor
Control A 5 4 Viewing Synchronizati It'v_ SURFACE
R, ey or ¥ Time-delay ll N TUNNEL
passivation 3
Robot on the field p ,g leETEty
i ! Assisted teleoperation 4—' v\'-d demonstration
I Maps ! - 1
° ! Embedded real time
N '! ! control
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Mobile Robotics
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CERNTAURO framework

U New robot and robotic control developed [9]

V  Human robot interface

Mechatronic System U New user-friendly bilateral tele-manipulation system

;s V  Haptic feedback

y.2%.

—_— Perception

\.\j
ok

"

V  Assisted teleoperation

s Actuation U Atrtificial intelligence
V  Perception and autonomy
V  Deep learning

U Operator and robot training system
V  Virtual and augmented reality

V  Learning by demonstration
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VERO: Virtual Environment for intelligent Robotic Operations

o N
{c /
k Sketches D Qolpqrammery Laser scanning 2D plans )

model
INPUT DATA ll

Studies
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Operator training

in VR. Assistance
New equipment design Whole scenario simulation A"ﬁ'co"ifsii)gﬂr:gd Virtual Force feedbacks o;g[;ﬁgLS
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Robotic Activities in EN-SMM

M. Di Castro, Real-time Monitoring Systems for Augmented Reality and Robotics in Particle Accelerators




Robots at CERN: TIM

Built at CERN, used for inspection, radiation mapping of the LHC and survey. Operational
Experience and technology could be useful for general tunnels inspections [10]
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Robots at CERN: TIM

U Radiation measurements at beam height
V Positioning precision < 1 cm along 100 m
V Approx. 20 min for one LHC sector
U Visual inspection
V PTZ and HD cameras
V Thermal cameras
U Audio inspection
U LHC tunnel monitoring using vision
U Oxygen %, temperature and communication
channels coverage measurements
U Robust vehicle fully autonomous

U No needs for expert operators
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Robots at CERN: TIM
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Robots at CERN: CERNDbot

Built at CERN, used for inspection, environmental measurements including radiation, teleoperation and in-situ
maintenance [11]

CE/RW
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Robots at CERN: CERNDbot

u CERNbot robotic base
\% Hardware and control software completely developed in-house
\% Weight ~ 50 kg

\% Continuous operation ~ 4 hr

\% Payload ~ 150 kg

V Arm Payload ~15 kg (can host 2 arms)
V Max speed = 10 km/h

V Runs over Wifi/3G/4G

\% Entirely controllable from surface

V User friendly human-robot interface

V Can be fully autonomous

V Embedded novel energy management system

V Inspection, helium sniffer for vacuum leak detection, RP survey, telemanipulation (cutting, grasping, screwing, sewing etc.)
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Robots at CERN: CERNDbot

On board low level DC motor velocity control

V Motor speed depends on the motor voltage
Possibility of torque control

V Motor torque depends on motor current
Robot kinematics fundamental for robot accurate
localization
Entire control is deployed fully on-board

V Signal loss with operator does not

compromise the safety of the system

Modularity of the system allows for adaptation to
specific interventions

Teleoperations
and sensors
deployment *=
components
Control
components

Power

components

Tractions
COMPONENTS e

CE/RW
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Robots at CERN: CERNDbot




Robots at CERN: Tele-operation and in-situ maintenance

U Radioactive sources handling




Robots at CERN: Tele-operation and in-situ maintenance

U Radioactive sources handling

4 Sources
- Cs:823 uSv/ih @ 40 cm

- Cs:6.8mSv/h @ 40 cm Voo

.- Pu-Be:18 mSvh@40cm |

- Cs:48 mSv/h @ 40 cm

- 3 Sources
& - C0:5.5mSv/h @40 cm
A - Cs: 420 mSv/h @ 40 cm
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Robots at CERN: Tele-operation and in-situ maintenance

U Radioactive sources handling
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Robots at CERN: Tele-operation and in-situ maintenance

U Radioactive sources handling

transpordcontainer / L
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Intervention Examples

i LHC TDE inspection CERNbot v1.0 core

@ M. Di Castro, Real-time Monitoring Systems for Augmented Reality and Robotics in Particle Accelerators 35

ENGINEERING
DEPARTMENT




Intervention Examples

U LHC TDE inspection

Instantaneous Dose: 0.83 Sv/h . g
Cumulative Dose : 0.14 mSv 00:00:04

CE/RW
\
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Intervention Examples

U SPS TIDVG de-installation and inspection on surface
V  Environment preparation, teleoperation (disconnections), core visual inspection, vacuum leak detection

CE/RW
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Intervention Examples

U SPS TIDVG de-installation and inspection on surface

V Environment preparation, teleoperation

TIDVG dismoumting
SPS ILSS1
27 02.2017

(di sconnect |

38
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Water leak fix

Intervention Examples

BAS0 TCSC Water Lealk
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Intervention Examples

ATRAP
Iridium Sowrce

Installlation

<
QF(W
\
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Intervention Examples

Ciw
Z A

@

ENGINEERING
DEPARTMENT

M. Di Castro, Real-time Monitoring Systems for Augmented Reality and Robotics in Particle Accelerators



Nr. of Interventions in the Nr. of tasks performed in Robot operation time in Dose Saved
last 40 months the last 40 months harsh environment [h] [mSv]
116 250 ~ 300" ~110*

N At least 4 times more if considering training phases
* Calculated on human intervention time
60 % of the interventions were unforeseen and done with very short preparation time

¥ Interventions performed & Dose saved Best practice for equipment

125 120

= toon = porr design and intervention
HL-LHC ITHACA WG

- Interventions performed -#- Dose saved to personel

100
100

w
=)

75

@
=)

Radiation [msSv]

50

Number of interventions

40

25

2015 2016 2017 2018 Q

2015 2016 2017 2018
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Robotic Support for CERN in EN-SMM

i Support to several CERN groups and in different CERN accelerators locations (SPS, LHC,
| sol de, NA, | SR, CHARM ¢)

i Team of trained robot operators
Team of students for Research and prototyping

i Technical team for developments, commissioning, maintenance

TYPES OF INTERVENTIONS MAIN TELEMANIPULATION TASKS

o Sewing
adiation Survey 7% Screwing

Telemanipulation oo
° 45%

34%

Cutting
25%

Reconnaissance

o and visual

inspections
47%

Grasping
23%
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Robotic support in EN-SMM

U 27 intervention mock-ups developed
V12 dreal o and 15 Avirtual o
V Mockups are extremely useful to develop procedures,
tooling, failure mode and recovery scenarios, safety and for
operators training
U More than 50 tools + several procedures and recovery
scenarios developed




RP sample exchanger
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Robots at CERN: Industrial robots

U Industrial robots @ ISOLDE and MEDICIS
V Kuka Manipulators for repetitive pre-programmed tasks

&

/%,\ = r\\ &5 N 7
MEDiCiS"{e»',
\




Robots at CERN: Industrial robots

U Industrial robots @ ISOLDE and MEDICIS
V Kuka Manipulators for repetitive pre-programmed tasks
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0  Autonomous radiation measurements
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i

Radiation

RADI ATI ON = AThe transfer of ener g)yrpahnod ommoom
Radiation damage quantities ‘.‘

\Y Flux (G) is the number of partmecl es per
T ol o Tood Qi ‘
\Y Fluence( 0) is the number of paintdgialofithefiux)per uni t of ar ea

5 « Qo &I o oo Qi

In an accelerator environment and to what concern radiation effects on electronics, we care mainly of all the particles
(charged and uncharged) with an Energy >20MeV that can interact with the silicon. This is referred as High Energy Hadron

\% Dose (D) is the energy deposited by radiation per unit of mass
O
0 = wmrQQ
\Y The Sl unit of dose is the (Gy):
1Gy=1Jkg=1Sv

ﬁﬁw
Z A
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Accelerators: Radiation Sources

U Direct beam Losses

V  Collimators and collimator like objects
injection, extraction, dump

V levels usually scale with beam intensity & energy
i Beam/Beam, Beam/Target Collisions
V around experimental areas
V scale with luminosity/p.o.t. & energy
i BeamResidualGas
V circular machines: all areas along the ring
V scales with intensity, residual gas density & energy
Synchrotron radiation(lepton machines)
RF(e.g during conditioning)

c:

c:

*more on this topic in [12] [13]
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Radiation effects: a short summary

*more on this topic in [14] [15]
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